Abstract -The nucleolar organizer regions (NORs) have often been analyzed in Parodontidae fish using silver staining. In the genus Parodon, the Ag-NORs are used as species chromosomal markers, while in the genus Apareiodon they show a more conserved location. In the present study, the NORs are investigated in three Parodon species (P. hilarii, Parodon sp. and P. tortuosus) using silver and fluorochrome staining and fluorescence in situ hybridization (FISH) with a PCRobtained 18S probe. In addition, the chromosomal 5S rDNA sites are also analyzed with a cloned 5S rDNA probe. It was seen a close correspondence between Ag-NORs, chromomycin positive regions and the 18S rDNA sites in the chromosomes of the three species. A major and a minor 5S rDNA cluster were also abserved in these species. While the 18S and major 5S rRNA genes are located on different chromosome pairs in Parodon sp. and P. hilarii, they are linked in P. tortuosus, although in opposite regions of the chromosome. Both 18S and 5S rDNA sites appear as important chromosome markers for Parodon species.
INTRODUCTION
In higher eukaryotes, the ribosomal DNA is organized into two distinct classes, the major 45S (18S, 5.8S and 28S) and the minor 5S rRNA genes (PENDAS et al. 1994) . These genes are present in multiple copies and tandemly repeated along the chromosomes (WILLIAMS and STROBECK 1985) . The rDNA 18S, 5.8S and 28S repeats are separated from each other by nontranslated intergenic spacers (IGS) (MARTINEZ et al. 1996) and the chromosomal sites containing these genes are commonly denoted as nucleolar organizer regions (NORs) (MONTIJN et. al. 1999) .
The 5S rDNA clusters comprise a highly conserved 120pb nucleotide coding sequence, separated from each other by nontranscribed spacer (NTS) (PENDAS et al. 1994) . In contrast to the major rDNA genes, which are transcribed by RNA polymerase I, the 5S rRNA genes are transcribed by RNA polymerase III, and although functionally related to the nucleolus they are not localized into this nuclear region (MONTIJN et al. 1999) .
The NORs sites have been currently identified by silver nitrate staining, base specific fluorochromes and more recently through in situ hybridization using 18S and 28S rDNA probes (GALETTI JR. 1998).
The Parodontidae family comprises three genera: Parodon, Apareiodon and Saccodon. There are few papers about Parodon species. P. hilarii, P. tortuosus and Parodon sp. from Araguaia river are the only species studied until now. JESUS and MOREIRA FILHO (2000a) showed the location of nucleolar organizer region (Ag-NOR) and C-bands patterns of these three species.
In the present work, additional data for these three Parodon species are reported. Silver staining, distamycin/chomomycin fluorochromes and FISH with 5S and 18S rDNA probes were used to better investigate the rDNA location and the chromosomal organization of this fish group.
MATERIALS AND METHODS
Brazilian specimens of P. hilarii from Porta stream (São Francisco basin), P. tortuosus from Passa Cinco river (Paraná basin) and Parodon sp. from Araguaia river (Tocantins-Araguaia basin) were analized. The specimens are deposited in the fish collection of Laboratório de Citogenética de Peixes of Universidade Federal de São Carlos (UFSCar).
Mitotic chromosomes were obtained from kidney cells, following the method of BERTOLLO et al. (1978) . The nucleolar organizer regions were evidenced by silver nitrate staining-AgNORs (HOWELL and BLACK 1980) and by the fluorochromes distamycin/chromomycin (D/CMA3) (GALETTI JR. and RASH 1993) .
In situ hybridization was performed with a 5S rDNA probe from Leporinus elongatus (MARTINS and GALETTI JR. 1999) and 18S rDNA probe from P. hilarii, obtained by PCR, using the primers NS1 (5'-GTAGTCATATGCTTGTCTC-3') and NS8 (5'-TCCGCAGGTTCACCTACGGA-3') (WHITE et al. 1990 ). The probes were labelled with biotin 16-dATP by nick translation, following the manufacturer's instructions (Bionick Labelling System -Gibco BRL). The metaphase chromosomes were treated with RNase (40µg/ml in 2xSSC) at 37°C for 1 hour and pepsine (0,005% in 10mM HCl) at 37°C for 10 minutes, denatured in 70% formamide/2xSSC at 70°C for 5 minutes. The hybridization solution consisted of 50% formamide, 2xSSC, dextran sulfate (10%) and the denatured probe. After overnight hybridization at 37°C, the slides were washed in 50% formamide at 42°C for 20 minutes and 0,1xSSC at 60°C for 15 minutes. The hybridization signals were detected by using Avidin-fluorescein conjugate (FITC) and biotinylated anti-avidin antibody. The chromosomes were counterstained with propidium iodide (50µg/ml) and examined with a Olympus BX50 epifluorescence microscope. Photographs were taking using 400 ASA Kodak Gold Ultra film.
RESULTS AND DISCUSSION
P. hilarii, P. tortuosus and Parodon sp. karyotypes show a same diploid number 2n=54 chromosomes for both sexes, confirming the previous data for these species (MOREIRA-FILHO et al. 1993; JESUS and MOREIRA-FILHO 2000a) . However, they show differences in the chromosomal structure. Thus, P. tortuosus presents 48 meta/submetacentric and 6 subtelocentric chromosomes, Parodon sp. has 50 meta/submetacentric and 4 subtelocentric chromosomes and P. hilarii presents 54 meta/submetacentric chromosomes for males and 53 meta/submetacentric plus 1 subtelocentric chromosomes for females, characterizing a ZZ/ZW sex chromosome system (JESUS and MO-REIRA-FILHO 2000a).
The nucleolar organizer regions (Ag-NORs) are located on the long arm of only one chromosome pair, in a terminal position, in the three species: on the large 25 th subtelocentric pair in P. tortuosus (Fig. 1a) , on the large 2 nd submetacentric pair in Parodon sp. (Fig. 1b) and on the middle sized 15 th submetacentric pair in P. hilarii (Fig. 1c) . These results were confirmed by distamycin/chromomycin staining (Fig. 1) . Indeed, in lower vertebrates the NOR is often a GC-rich region, making possible its chromosome location by using a GC specific fluorochrome, such as chromomycin (SCHMID 1980) . Nevertheless, Ag-NOR only correspond to regions that were active in a preceding interphase (HSU et al. 1975) .
In this present paper FISH with 18S rDNA probe revealed only the nucleolar organizer regions stained by silver nitrate and chromomycin, confirming that these cistrons are located only in one chromosome pair in the three species (box of fig.1 ). In fish, some groups present NORs in a single chromosome pair, while others have NOR sites spread on several chromosomes (GALETTI JR. 1998). Besides, some fish species show a very constant location for NORs, which can be used as species-specific chromosome markers (ALMEIDA-TOLEDO et al. 1996) . This is the case for the Parodon species now analyzed. In contrast, the majority of the Apareiodon species (a sister clade) have this region located on a similar subtelocentric pair, with the exception of a population of A. affinis from Cuiabá river in which it is located on an acrocentric pair (MO- REIRA-FILHO et al. 1984 , 1985 JORGE 2000; JESUS et al. 1999; JESUS and MOREIRA-FILHO 2000b) .
Parodon species differ from Apareiodon species in having teeth in the lower jaw (ROBERTS 1974) . Nevertheless, the karyotype of P. tortuosus is similar to those of Apareiodon group, in respect to the karyotype macrostructure and NOR bearing chromosomes (JESUS and MOREIRA-FILHO 2000a) .
Analysis of the 5S rDNA showed different localizations for this gene in the three species: in the short arm of a middle sized submetacentric pair (11 th ) in P. hilarii (Fig. 1c) , in the short arm of a large submetacentric pair (8 th ) in Parodon sp. (Fig. 1b) , and in the short arm of a large subtelocentric pair (25 th ) in P. tortuosus (Fig. 1a) . Thus, in this last species the 18S and 5S rRNA genes are located in the same chromosome (i.e. in the first subtelocentric pair), although in opposite arms. However, additional minor 5S rDNA sites were also observed in all the species: in the pericentromeric region of a small submetacentric pair in P. hilarii (19 th ) and Parodon sp. (15 th ) and a small metacentric pair in P. tortuosus (17 th ) (Fig. 1) . Major and minor 5S rDNA cistrons were also observed in other fish species of the genera Leporinus (MARTINS and GALETTI JR. 1999) and Schizodon where this occurence may represent a derived condition, because of the majority of the studied species show a single chromosome pair bearing 5S rRNA genes (MARTINS and GALETTI JR. 2000) .
The 5S rDNA physical location, has been recently intensified in fish chromosomes. In higher eukaryotes, the 5S and 18S rRNA genes are frequently shown on different chromosome pairs (LONG and DAVID 1980) . Although, this situation also occurs in fish, there are some excep- tions as in Salmo salar (Pendas et al., 1994) , Orcorhynchus mykiss (MORÁN et al. 1996) and P. tortuosus (present work) , that present these genes in the same chromosome. In Anguilla anguilla, MARTINEZ et al. (1996) suggest that the nonsyntenical location of these two rDNA classes represent the most ancestral situation in terms of genomic organization and chromosomal evolution. Such situation may be important in avoiding undesired translocations of 5S sequences inside the 45S genes, which might probably occur if these clusters were linked in the same chromosome (MARTINS and GALETTI JR. 1999) .
JORGE (2000) studied the 18S and 5S rDNA location in Apareiodon affinis from Lower Paraná (Argentina) and verified that in this species both clusters are located on different chromosomes.
Comparing the C-banding patterns of P. hilarii, P. tortuosus and Parodon sp., described by JESUS and MOREIRA-FILHO (2000a), with our results was observed that the major 5S rDNA cluster is adjacent to a heterochromatic region in P. hilarii and Parodon sp., and coincident with such region in P. tortuosus. However, these situations do not occur with the minor 5S rDNA cluster. The signal difference between these two clusters can be explained by the number of the existent repeats. The association of the major 5S rDNA cluster with heterochromatin, as well as its subterminal localization in the chromosomes, could facilitate exchanges among repeats, thus promoting the cistron amplification.
Chromosomal rearrangements, such as translocations, inversions and transpositions, are some processes that could explain the differences in karyotype structure and 5S and 18S rDNA location in these three Parodon species. According to JESUS and MOREIRA-FILHO (2000a), the karyotypic macrostructure, Ag-NOR position, C-banding pattern, sex-chromosome system and dental cusps are useful characters to identify these species. Moreover, the 5S rDNA localization can be also considered an important chromosomal marker in the diagnosis of the Parodon species.
